Introduction: Identification of yeast species has clinical and epidemiological value. Different methods can be used, such as chromogenic media, microculture on corn meal agar with Tween 80, as well as conventional biochemical and automated methods. Recently, proteomic studies employing matrix-assisted laser desorption ionization-time of flight (MALDI-TOF) mass spectrometry have been a major advance in diagnosis due to speed of execution and accuracy of results.
There is a constant search for better diagnostic and therapeutic approaches in order to prolong life. The use of antimicrobials, immunosuppressive drugs, and invasive procedures are some examples of methods used for this purpose. However, such aggressive strategies of surgical and clinical care favor an increase in the incidence of yeast infections, as opposed to the initially sought goal [1] [2] [3] [4] [5] .
Candida albicans is the most common pathogen in cutaneous and oropharynx candidiasis, but other species have increased in number and importance in other types of candidiasis, mainly vaginal and systemic 6 . Thus, although C. albicans is most common in clinical samples, other species have been reported as important opportunistic pathogens 7, 8 .
In this context, several Candida species have been described, but not all of them correlate with infections in humans. Only 10% of these species have clinical relevance, being C. albicans, C. parapsilosis, C. tropicalis, C. glabrata, and C. krusei the most incidental, accounting for 90% of cases of invasive candidiasis 9 .
In a laboratory environment, there are different ways that allow the identification of the various Candida spp. from clinical samples 10 . One of them is the use of identification procedures based on biochemical tests and morphological studies, but these may not be practical and fast enough, in addition to requiring a broader level of knowledge 11 . Packaged kit systems Identification of yeast-form fungi and automated systems are another option, but they are expensive and limited by the size of their databases 12 . Thus, because of a need for rapid pathogen identification, differential media were developed, allowing the isolation and identification of the Candida spp 13 . based on the formation of colonies with different morphologies and colors 14 .
Regardless of, there is variability in pathogenicity and sensitivity to available antifungal agents according to the species involved. In addition, the incidence of infections caused by non-albicans Candida spp. is increasing, often involving high mortality rates [15] [16] [17] .
Therefore, a precise identification of the species involved in infectious processes is necessary.
As there are several clinical manifestations and species involved in Candida spp. infections, using different diagnostic methods has become fundamental. Among the instruments used for this purpose are chromogenic media, microculture on corn meal agar, and conventional biochemical (Zymogram and Auxonogram) and automated methods (commercially available panels or cards). More recently, proteomic studies using matrix-assisted laser desorption ionization-time of flight (MALDI-TOF) mass spectrometry have represented a major advance in diagnosis due to speed of execution and accuracy of results 18 .
Thus, based on the clinical, epidemiological and laboratory importance of the infections caused by different Candida spp., this study compared the performance of different methods and proposes a standardization to optimize the routine identification of yeasts isolated from clinical samples.
METHODS
For this study, 75 clinical yeast isolates from different biological materials and four standard strains (C. parapsilosis ATCC 22019, C. albicans ATCC 10231, C. krusei ATCC 6258 and C. krusei ATCC 14243) were analyzed. In order to perform a rapid and accurate identification of the species, all samples were submitted to four different methods with subsequent analysis to ascertain the best performance.
Identification of Strains by CHROMagar  Candida (CHROMagar  , Plast Labor, Brazil)
There are many options for chromogenic culture media capable of differentiating C. albicans and other yeast species. They are based on the alteration of the color acquired by the colonies through pH and fermentation indicators of specific compounds or chromogenic substrates [19] [20] [21] [22] .
The samples were seeded in CHROMagar  Candida medium (CHROMagar  , Plast Labor, Brazil), which is selective for the isolation and presumptive identification of yeast fungi, allowing the differentiation of C. albicans (green colony), C. tropicalis (metallic blue colony) and C. krusei (pink colony). Incubation was performed aerobically at 35 °C ± 2 °C for 36-48 hours, and quality control was performed with ATCC 10231 (C. albicans), ATCC 6258 (C. krusei) and ATCC 1369 (C. tropicalis).
Identification of Strains by Microculture on Corn Meal-Tween 80 Agar
This culture is used to analyze micromorphology. The characteristics of pseudomycelium, pseudohyphae, true hyphae and blastoconidia form and disposition, with presence or not of chlamydoconidia, allow the differentiation of species when associated with physiological behavior 23 .
Corn meal-Tween 80 agar medium was prepared according to specifications 24 . A small block of approximately 4 mm thickness was placed on a slide and then into a sterile Petri dish lined with filter paper soaked in liquid glycerin and water. Yeasts were applied to the surface of the block and covered by a coverslip. After incubation at 28 °C for 48-72 hours, readings were made using an optical microscope at magnifications of 100 to 400 times. More than 90% of C. albicans isolates produced chlamydoconidia 25 .
Identification of Strains by Biochemical Tests in VITEK  2 Compact (bioMérieux, Brazil)
The strains were submitted to automated identification by inoculation on the VITEK  2 Compact System (bioMérieux) in the YEAST-ID (VITEK  2-YST) card following the technique recommended by the manufacturer. This yeast identification card is based on established biochemical methods and on developed substrates. There are 46 biochemical tests that measure the use of the carbon source, the use of nitrogen source and enzymatic activity. The results are available in approximately 18 hours 26 . The list of test substrates is shown in Table 1 .
The inoculum for identification was prepared using colonies isolated from yeasts in physiological solution. The turbidity was measured by the instrument DensiCheck  (bioMérieux, Brazil) and equivalent to 1.8-2.2 of the McFarland scale. Through a polystyrene tube, samples were dispensed on the YST cards that were placed in the apparatus, through incubation and reading of the samples. The data obtained were interpreted by the database of the instrument, providing the final identification of the strains.
Identification of Strains by MALDI-TOF Mass Spectrometry (VITEK  MS, bioMérieux, France)
The technology is based on the fact that different mass and charge ions, when subjected to an electric field, move and the distance traveled in a given time is a function of the mass/charge ratio. The first step is to mix the sample with the matrix, and then evaporate the solvents and crystallize the mixture. The deposit formed by the sample and the matrix is carried out on a metal plate. The plate is introduced into the apparatus and specific UV laser beams are emitted on each reservoir. The matrix absorbs the energy of the laser and evaporation of the sample occurs with the formation of ions with different masses. The ions move under the influence of the electric field and the smaller ones arrive more quickly to the detector located at one end of the flight tube. The flight time of each particle to the detector is used to calculate its mass. The sum of ions analyzed forms the mass spectrum of the sample; one axis corresponds to the mass/charge ratio and the other one corresponds to the signal intensity that is related to the number of ions of the same mass/charge ratio 27 .
Thus, the obtained mass spectra are processed by a specific software, namely MYLA  (bioMérieux, France), and compared to the database containing the reference spectra or "super spectra". The VITEK  MS (bioMérieux) instrument compares these spectra with the Spectral Archive and Microbial Identification System (SARAMIS, bioMérieux, France) database, which in turn uses common peaks of strains of the same species (between 15-20) to build a "super spectrum". Finally, agreement values above 60% mean the species was identified.
For yeast samples, preparations were lysed with 0.5 μL 25% formic acid. After drying completely at room temperature (1 to 2 min), 1 μL of ɑ-cyano-4hydroxycinnamic acid (CHCA) matrix (bioMérieux) was applied to the spot, which was also allowed to dry completely (1 min). As recommended by the manufacturer's instructions, the Escherichia coli ATCC 8739 strain, used as a calibrator and internal ID control, was inoculated on the calibration spots of each acquisition group (small spot in the middle of each acquisition group). Each yeast isolate had been tested with a unique deposit.
In addition, strains ATCC 19433 (Enterococcus faecalis) and ATCC MYA-2950 (C. glabrata) were used as internal control. A negative control performed only with the matrix, without adding the sample, was also applied.
RESULTS AND DISCUSSION
Invasive fungal infections are relevant in clinical practice, as they can be serious and represent important causes of morbidity and mortality worldwide 28, 29 . Thus, 
Identification of yeast-form fungi improvement of patients' conditions and even their survival depends on a rapid and accurate identification of the pathogen, allowing a timely introduction of antifungal therapy. In the present study, different yeast samples were submitted to different methods, which provided an evaluation of their performance in the laboratory routine. The results of the identification techniques are presented in Table 2 and will be discussed in comparison with the results obtained by MALDI-TOF mass spectrometry (VITEK  MS).
One of the alternatives for distinguishing between
Candida spp. is commercially available chromogenic media. Such media allow the identification of yeasts from color contrast of the colonies, produced due to reactions of species-specific enzymes with the chromogenic substrate 30 . Their advantage is to allow the identification of different isolates in a single plaque and to provide an effective presumptive identification of C. albicans, C. tropicalis and C. krusei based on morphology and color of the reaction (light green, dark blue and pink, respectively) 31,32 . The chromogenic medium used in our study was able to identify 95.8% (n = 23) of C. albicans samples and 91.7% (n = 11) of C. tropicalis samples (Figure 1 ). This result demonstrates good efficiency together with reduced cost for the presumptive identification of several samples, which is in agreement with the findings of previous studies, in which 90% of the samples were identified 33 . With regard to C. krusei, the chromogenic medium was able to identify 50% of the strains. However, only four isolates of this species were included in the study. As other Candida spp. also produce a pink reaction, similar to C. krusei, doubts regarding the identification of this species by CHROMagar may eventually occur. Although it is useful in the identification of some species, accelerating the laboratory routine, the chromogenic medium alone is not able to identify all species that may be present, requiring additional identification methods, especially when considering a large laboratory routine.
Regarding the use of microculture on corn meal-Tween 80 agar, an identification rate of 70.9% was observed ( Figure 2) , contrasting with other studies that found a rate of up to 92% 33 . Among all samples, 17 had inconclusive identification and 6 did not agree with the other methods. This technique depends fundamentally on the procedures performed and the expertise of the analyst. For a large number of samples and for urgent cases, limitations can be observed because processing is manual and requires more time. Another fact of great relevance and similar to what occurs with chromogenic media is the inability to identify less common species. Thus, a lack of ability in the differentiation of C. haemulonii, C. lipolytica, C. lusitaniae, C. famata and C. pelliculosa 33 has been reported.
For the VITEK  2 Compact system the identification rate was 92.4%, higher than those observed in the previous methods ( Figure 3 ). Four strains were not identified and two did not agree with the other methods. Other studies have shown similar results, and several studies have found that more than 93% of the strains analyzed were correctly identified 26, [34] [35] [36] [37] and could reach up to 98.3% concordance 38 . In addition, rates of 86.36% 39 , 92.1% 40 , 93% 41 and 91% 42 have been determined, also in agreement with the present study. Finally, a similar study, by means of a joint evaluation of micromorphology obtained in corn meal agar and cultivation in chromogenic agar versus use of the VITEK  2 Compact system, also observed a high percentage of accuracy (97%) 33 .
The results for VITEK  2 Compact system are known to be good, as well as the speed of analysis 43 ; however, wrong results may occur. Thus, the use of molecular analysis is required, leading to a higher cost and the need for specialized labor, and this is not the case in most microbiology laboratories 39 .
Therefore, MALDI-TOF mass spectrometry using VITEK  MS has been shown to be a revolutionary method in clinical microbiology laboratories. Considering all the techniques analyzed, it had the best performance, identifying 98.7% of the samples (n = 78) ( Figure 4) . Similarly, high rates of successful identification were found elsewhere (97.8% 44 and 97.5% 45 ).
In summary, considering the efficiency in the identification of the species and regardless of disagreements between the methods evaluated, there was a variation that reached 78 identified strains from the 79 used ones. Figure 5 shows the percentage of samples not identified by each method used. The automated methods had the best performances; Identification of yeast-form fungi however, to determine the technique to be used, each situation should be evaluated separately, as costs and speed of results should be considered according to laboratory routine and need of each institution.
CONCLUSION
Because yeast infections may represent a considerable threat for patients and several pathogenic species are not usually identified by conventional and manual methods, together with a variable susceptibility to antifungal agents, a correct and fast identification of the species involved in infectious processes is of fundamental importance for therapeutic success and patient survival. Automated techniques such as VITEK  2 Compact and VITEK  MS systems had the best performances, and MALDI-TOF mass spectrometry also has the advantage of being faster and cheaper. However, it is worth mentioning that chromogenic media can be useful as well. Although it was not able to identify most samples, it showed good efficiency in the determination of C. albicans and C. tropicalis, which are very common in laboratory routine. Therefore, chromogenic media can serve as a screening tool to decide whether samples should be submitted to more complex methods.
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